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where the fermions are in the physical basis.













group with the \l" (\light") subscript is assigned SM-like couplings to the rst two fermion families, and the





broken by a new Higgs boson at some scale higher than the weak scale to form a U (1)
Y
representation. In
either case, after properly enforcing electroweak symmetry breaking there will be an additional U (1)
0
boson
with generation-diagonal couplings such that the rst two generations have equal U (1)
0
charge but dierent
than the third. The relative strength of these charges are determined completely by the mixing angle of the Z
and Z
0
. If these gauge groups are considered to act on the fermions in the natural basis, there will, in general,
be generation o-diagonal LFV G couplings in the physical basis.
With the objective of choosing the minimumnumber of parameters while maintaining arbitrary LFV couplings
and boson mass, we dene our model as follows. Additional fermions are necessary to cancel the anomalies that
arise with an additional gauge boson; their eects are ignored. For the purposes of illustrating the G boson
eects on LFV interactions in the most conservative way, the Z   G mixing angle  is considered negligible,







, is also omitted. Upper limits on phenomenological
constraints on jj
2
are on the orders of 10
 6
for gauge mediated SUSY breaking and 10
 16
for gravity mediated
SUSY breaking [20]. Relative to the amplitude for tree-level G-exchange in t-channel muon conversion, the
amplitude for kinetic mixing would include jj
2
suppression, and so is generally negligible anyway.
In further eorts to be conservative on the eects of generation-dependent Z
0
's, we set the rst two generations















) (in the natural




to be non-zero and have an arbitrary value. We set the




= 0. Other gauge interaction choices (i.e. purely axial vector, vector and

















= 1. All charges not noted have no direct relevance for our
calculations.




































































































which need not be the CKM values.
We have ignored the allowed complex phase for simplicity.





























. If it is expected that the lepton
generation-transitions should follow in a similar manner as the neutrino mixing, the large mixing angle (LMA)
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FIG. 1: LFV boson mass m
G











for muon conversion experiments to access our model's G boson is demonstrated here. The solid diagonal lines represent




. The horizontal dotted lines represent the limits set or to be set by
muon conversion experiments. The information here is best appreciated by noting the suprisingly large boson mass and





























































Ti, nuclear form factor F
P
= 0:54 [8], Z
e




























Fig. 1 shows the potential of muon conversion experiments. The reach for extremely heavy bosons or moder-












may be implied by a signal at MECO or PRIME. Furthermore
these experiments have potential to imply G bosons of astonishing high masses: roughly from O(10 TeV) to
O(1,000 TeV) for reasonable choices of o-diagonal couplings. With the promise of strict bounds or detection,
this exemplies the importance of muon conversion experiments.
Fig. 2 demonstrates how a high-energy linear collider (LC) would complement muon conversion experiments.




and large mass m
G
. With








, measuring a 1% dierence in the standard model cross section sets
limits on what masses of a G boson may be implied. The contributions from the t-channel exchange (which









! e to be a





, the mass limits are approximately independent of the coupling. The Tevatron should be able to continue
its search for Z
0
gauge bosons above 1 TeV, and the LHC will be able to discover most Z
0
bosons with mass
above about 5 TeV. Combining the    e LFV searches with the collider searches provides a much enhanced
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FIG. 2: LFV boson mass m
G























) where  is the dierence of the cross section of our extended model and




necessary for a muon conversion experiment to detect a G
boson of a certain mass provided the experiment has the ability to reach the muon conversion rate noted on the plot.
These plots show linear collider and muon conversion experiments to be highly complementary: 1) In the upper left
quadrant, both muon conversion experiments and an NLC will detect our model's boson. 2) In the upper right quadrant,
only MECO and PRIME have potential. 3) In the lower left quadrant, only an NLC has potential. 4) In the lower right
quadrant, neither have potential.
For the G boson model, the rate for the magnetic interaction  ! e is zero by virtue of all left-handed
lepton charges being zero and the chirality ips inherent in magnetic moments. Therefore,  ! e does not
constrain this model. Nevertheless, if we chose a model with non-zero left- and right-handed lepton charges,
such as a model with purely vectorial couplings, muon conversion experiments would generally still be more











limit is  ( ! eee)= ( ! e) = 1:0 10
 12
, held by SINDRUM [25]. This
limit is competitive with the current SINDRUM II limit for muon conversion. For example, a 10 TeV G boson








= 5:4  10
 3
. Next
generation    e conversion experiments would then far outpace current constraints from ! eee. We extend
this study in Ref. [26] to a more complete study, including discussions of ! e, ! eee, the muon anomalous
magnetic moment, and other relevant lepton observables.
[1] E. Nardi, Phys. Rev. D 48, 1240 (1993) [hep-ph/9209223].
[2] G. B. Cleaver, A. E. Faraggi, D. V. Nanopoulos and T. ter Veldhuis, hep-ph/0002292.
[3] S. Chaudhuri, S. Chung, G. Hockney and J. Lykken, Nucl. Phys. B 456, 89 (1995) [hep-ph/9501361].
[4] T. Rador, Phys. Rev. D 59, 095012 (1999) [hep-ph/9810252].
[5] D. J. Muller and S. Nandi, Phys. Lett. B 383, 345 (1996) [hep-ph/9602390].
[6] C. Yue, G. Liu and J. Li, Phys. Lett. B 496, 89 (2000) [hep-ph/0011144].
[7] J. L. Feng, hep-ph/0101122.
[8] J. Bernabeu, E. Nardi and D. Tommasini, Nucl. Phys. B 409, 69 (1993) [hep-ph/9306251].
[9] P. Wintz, in Proceedings of the First International Symposium on Lepton and Baryon Number Violation, p. 534
(1998).
[10] W. Molzon, private communication.
5[11] Y. Kuno, private communication.
[12] See, for example, S. P. Martin, \A supersymmetry primer," hep-ph/9709356.
[13] S. T. Petcov, Sov. J. Nucl. Phys. 25, 340 (1977) [Yad. Fiz. 25, 641 (1977)].
[14] J. Hisano, T. Moroi, K. Tobe and M. Yamaguchi, Phys. Rev. D 53, 2442 (1996) [hep-ph/9510309].
[15] F. Borzumati and A. Masiero, Phys. Rev. Lett. 57, 961 (1986).
[16] A. E. Faraggi and M. Pospelov, Phys. Lett. B 458, 237 (1999) [hep-ph/9901299].
[17] M. Raidal and A. Santamaria, Phys. Lett. B 421, 250 (1998) [hep-ph/9710389].
[18] Y. Kuno and Y. Okada, hep-ph/9909265.
[19] K. R. Lynch, E. H. Simmons, M. Narain and S. Mrenna, Phys. Rev. D 63, 035006 (2001) [hep-ph/0007286].
[20] K. R. Dienes, C. Kolda and J. March-Russell, Nucl. Phys. B 492, 104 (1997) [hep-ph/9610479].
[21] M. Fukugita and M. Tanimoto, hep-ph/0107082.
[22] P. Langacker and M. Plumacher, Phys. Rev. D 62, 013006 (2000) [hep-ph/0001204].
[23] J.C. Sens, Phys. Rev. 113, 679 (1959).
[24] T. Suzuki, D. F. Measday and J. P. Roalsvig, Phys. Rev. C 35 (1987) 2212.
[25] U. Bellgardt et al. [SINDRUM Collaboration], Nucl. Phys. B 299, 1 (1988).
[26] B. Murakami, \The impact of lepton-avor violating Z' bosons on muon g-2 and other muon observables," arXiv:hep-
ph/0110095.
Acknowledgments
We thank K. Dienes and S. Mrenna for helpful discussions. This work was supported by the Department of
Energy and the Alfred P. Sloan Foundation.
